This paper reports estimates of the causal effects of a 50 percent increase in the salary of headmasters of high schools in Israel. The results suggest that the program led to significant improvements in twelfth-grade students' academic achievements. However, the effect was relatively modest, comprising increases of about 5-10 percent in the school mean matriculation rate, average score and number of subjects and credit units taken in matriculation programs. Based on these results and the lack of evidence regarding the effect of increasing teachers' salary, it seems that priority should be given to paying higher wages to school principals.
I. Introduction
Proposals to increase teachers' and school principals' salaries have recently attracted considerable attention and support among researchers and policymakers. Many important reports 1 and proposals advocate substantial salary * Special thanks go to the staff of the Ministry of Education for their assistance with the data as well as for providing the details and the participants in the Personal Compensation Contracts Program. I benefited from comments from the referees of this journal. Alex Levkov, Issi Romem, Orit Vaaknin and Eli Berglas provided expert research assistance. I also gratefully acknowledge funding from the Falk Research Institute. The views expressed in this paper are those of the author and are not endorsed by program sponsors or funding agencies. 1 For example, a report by The Teaching Commission (2004) , established and chaired by L. V. Gerstner, focuses on the relationship between teachers' quality and their compensation. The purpose of the report is to offer specific policy recommendations to ensure that student learning, rather than teacher protection, is a priority. The report calls for an intense, sustained and effective campaign to revamp our country's teaching force. The authors make recommendations regarding changes in how teachers are paid, how teacher education must be revamped and made a priority by college and university presidents, and how states need to improve-or overhaul-their licensing and certification requirements.
increases as a means of attracting and retaining more talented teachers and encouraging motivation and effort. Salary policies have also been cited as important to offset changes in demand outside of schools and to deal with the potentially unattractive working conditions often found in schools in poor neighborhoods. This paper provides evidence concerning the causal effect of paying school principals higher wages in a manner not explicitly conditional on their future productivity. The wage increase was a 50 percent raise above the implied collective bargaining agreement wage and it was guaranteed for only one year, but was renewed annually in practice for school principals once they were included.
The wage hike to some principals was part of a larger program that granted a similar wage increase to a small number of school teachers. The main objective of the program was to attract good teachers to schools in small and medium-size cities and in rural communities, mainly in the periphery, in an attempt to improve school quality. Within the high schools, the program's overall objective was to improve student outcomes in matriculation exams. In some schools only the principal was included in the program, in others only teachers, and in some both the school principal and some of the teachers. The program grew gradually from about 50 schools in 1997 to over 120 schools in 2005. Here I concentrate only on estimating the effect of paying high-school principals higher wages.
The paper focuses on the effect of the program during its first four years, 1997-2001, as expressed in test scores and related outcomes of matriculation exams administered at the conclusion of high school (twelfth grade). In the case of the principal's salary increase, the whole school is clearly the relevant unit; hence, all students attending that school should be viewed as treated. The measurement of the treatment effect therefore targets all high-school seniors and their matriculation outcomes. School principals play a major role in the preparation for matriculation exams, from motivating teachers and students through allocation of resources for additional instruction time, and special preparation activities (marathon study weekends outside school 2 ) prior to the exams. Productivity and efficiency gains that result from paying school principals higher salaries should thus be observed through improved performance on matriculation exams. Using these outcomes as proxies for school productivity improvements is reasonable given that the reputation of high schools in Israel largely hinges on school 2 Angrist and Lavy (forthcoming) have shown that providing financial incentives to students based on their achievements in the matriculation exams led to improved performance in such exams as well as in college enrollment. One mechanism of this effect was increased participation, mainly among girls, in marathon study sessions. The improvement in postsecondary schooling three to five years after the intervention suggests that these marathons achieve real gains in human capital and are not simply teaching-to-the-test activities. success rate in these exams; a large proportion of school energy is therefore directed toward this aim.
Identification of the effect of interest here is based on the gradual enrollment of school principals into the program from one year to the next and on the use of panel data that permits before and after difference-indifferences estimation. The treatment group includes students of schools where the principal received the salary increase during the first two years of the program or just in its second year; the comparison group includes students from schools where the headmaster did not receive a salary increase during any of the first two years of the program but did receive this higher compensation in later years of the program. Based on observable pre-treatment students' characteristics and outcomes, the two groups are shown to be statistically similar. The school-fixed effects included in the difference-in-differences models account for any unobserved time-invariant heterogeneity that might confound the treatment effect of paying higher wages to school principals (or managers).
Another relevant identification issue is whether it is possible to estimate the unique effect of the wage augmentation of the school principal because, in some schools, this intervention was coupled with wage raises for a few teachers. I therefore control for the variation among treated schools in the estimation, i.e., whether some of the school teachers received higher pay. I also report estimates based on a sample among the treated schools that included only those schools where the principal alone received a salary increase. The results based on this sub-sample will be shown to be practically identical to the estimates obtained from the full sample, thus suggesting that controlling for whether some teachers also received higher wages is sufficient to net out any potential effect of this heterogeneity among treated schools. The fact that very few teachers in each school received this benefit and that not all of them taught the twelfth-grade students in our sample can explain this result.
Most of the available empirical evidence relates to teachers' pay and the effect of teachers' pay on students' outcomes, 3 but there is no evidence about the link between school management compensation and school performance. Most estimates on the effect of teachers' compensation suggest that there is no causal link between teachers' wages and students' achievements. One explanation for this result is that the true connection between teachers' pay and their productivity is strong although methodological and data problems have impeded its identification; see e.g. Loeb and Page (2000) . Others take a less sanguine position, arguing that the evidence accurately captures the weak performance incentives in public schools whereby principals make hiring and retention decisions that are not strongly linked to teacher quality; see Ballou and Podgursky (1995) . The evidence, however, is quite strong on one point: teacher quality is an important determinant of achievement; see e.g. Hanushek, Kain and Rivkin (1999 , 2005 . A recent study by Jacob and Lefgren (2007) linked teachers' and principals' quality to schools' accountability and the measurement of teachers' performance. Their findings suggest that subjective principal assessments of teachers predict future student achievement significantly better than teacher experience, education or actual compensation, though not as well as value-added teacher quality measures. They also report that a principal's overall rating of a teacher is a substantially better predictor of future parent requests for that teacher than either the teacher's experience, education and current compensation or the teacher's value-added achievement measure. These findings outline an important mechanism through which principals can enhance their school productivity and speaks for the importance of motivating principals through better pay.
The evidence concerning the effect of the program suggests that increasing school principals' wages leads to improved students' outcomes of senior students in their matriculation exams. The estimated effects are marginally more pronounced and more precise when the analysis is based on schools that participated in the program for two consecutive years, although they are modest in size. The estimated treatment effects are very similar for students from low and high socio-economic background and they do not vary by school size. It should be noted, however, that the estimates are based on a relatively small sample of treated and control schools. They should therefore be interpreted with caution until additional evidence allows firmer conclusions to be drawn.
Despite the fact that the pay bonus to school principals was unconditional on improved performance, its positive effect on student outcomes may be explained by a few "hidden" motivational factors. For example, the explicit objective of the program was to improve achievements in the matriculation program and school principals may have worked towards achieving this objective. They could also have deduced that in the absence of such improvements, their pay bonus would be terminated. Efficiency wage behavior could also have been a motivational factor, as school principals could perceive their pay inclusive of the bonus to be fairer compensation. A related argument is that if it is common knowledge to teachers, community leaders and the superintendent of the school that the principal received a pay bonus, this may put pressure on recipients to make more effort to improve school matriculation outcomes.
The remainder of the paper is organized as follows. The program that increased school principals' wages is outlined in Section II. The data used in this paper are described in Section III. Section IV addresses the identification and estimation strategies. Sections V and VI report the empirical results and their interpretation. Section VII concludes.
II. The Wage Increase through the Individual Compensation Contracts Program
In 1997, Israel's Ministry of Education and the Ministry of the Treasury announced a new experimental program that would allow paying teachers and school principals a 50 percent salary hike. The teachers' unions 4 agreed to the program as long as the number of participants did not exceed 1,400 and as long as the salary increase was embedded in a special contract signed with each participant rather than within the framework of the collective bargaining agreement. The schools in the program were to be selected from localities included in the National Priority Areas (NPA) program that entitles its participants to additional government grants for social programs. The NPA primarily includes small and medium-size cities, mainly those located in the periphery of the country, and a few schools located in poor neighborhoods in larger cities.
The school district supervisors and Ministry officials who managed the program selected participants from eligible schools. In its first year (1997), the program included only 40 secondary schools and an equal number of primary schools. Many more schools were added gradually in later years. About 200 teachers and school principals participated in the program's first year; enrollment increased rapidly in each subsequent year and reached over 700 in 2005. Individuals were informed about their participation in the program at the beginning of each academic year.
III. Israel's Secondary Schooling System and the Data
Israel's education system consists of elementary school (grades 1-6), middle school (grades 7-9) and high school (grades 10-12). High-school students are enrolled in an academic track leading to a matriculation (bagrut) diploma or in a vocational track leading to a vocational diploma. Highschool students in Israel are tested in a series of matriculation examinations (bagruyot). National exams are given in core and elective subjects beginning in the tenth grade, continuing in the eleventh grade and concluding in the twelfth grade, when most of the tests are taken. Pupils choose to be tested at various levels in each subject, with each test awarding one to five credit units (hereafter: credits) per subject. 5 The final matriculation score in a given subject is the mean of two intermediate scores. The first is based on the score in the national exams that are external to the school because they are written, administered, supervised and graded by an independent agency. The scoring process for these exams is anonymous; the external examiner is not told the student's name, school or teacher. 6 The second intermediate score is based on a school-level (internal) exam that resembles the national exam in material and format but is scored by the student's own teacher.
Some subjects are mandatory; many of these must be taken at the level of at least three credits. Tests that award more credits are more difficult. A minimum of 20 credits is required to qualify for a matriculation diploma. About 52 percent of high-school seniors earned matriculation diplomas in 1999 and 2000, i.e., passed a sufficient number of exams to be awarded 20 credits by the time they graduated from high school or shortly thereafter; see Ministry of Education (2001).
The Data
The data used in this study came from records kept by Israel's Ministry of Education on the population of Israeli high-school students for the 1995-2002 school years. The data were based on reports sent by school authorities to the Ministry of Education at the beginning of the school year. The file contains an individual identifier, a school and class identifier, and detailed demographic information on all pupils in all grades. The current study focuses on twelfth-grade cohorts for the period in question (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) .
The individual data on high-school enrollment and outcomes from matriculation exams 7 taken in 1995-2002 were linked with information on school principals participating in the program. Five measures of success in 5 In Israel, a high-school matriculation certificate is a prerequisite for university admission and one of the most economically salient educational milestones. Many countries and some American states have similar high-school matriculation systems. Examples include the French Baccalaureate, the German Certificate of Maturity (Reifezeugnis), the Italian Diploma di Maturità, the New York State Regents' Examinations and the recently instituted Massachusetts Comprehensive Assessment System. 6 Exams are held in June and January, and all pupils are tested in a given subject at the same date. The national exams are graded centrally by two independent external examiners, with the final score an average of the two. 7 Towards the end of the last year of high school, students sit for exams in various subjects, some compulsory and some elective. Passing an exam awards matriculation credit units and a minimum of 20 such units is required to qualify for a matriculation certificate, which is a necessary though not sufficient requirement for admission to university. As noted in footnote 5 above, similar high-school matriculation exams are found in many countries and in some states in the United States. matriculation exams were employed: an indicator of bagrut status (=1 if the student earned a matriculation diploma), the average score in all matriculation exams, the overall number of matriculation credits and the number of matriculation subjects studied at the honors level. The first two outcomes are particularly important in Israel because the first is required for university admission whereas the second is applied during the selection of candidates for high-demand courses of study such as medicine, engineering and computer science.
IV. Identification Strategy and Estimation
Selection of participants to the program involved selection of the schools followed by selection of the school principals. In most cases, the principals selected received the salary increase in the first year but continued to benefit from this increase as long as their school remained in the program. Selection of the schools required the discretionary judgment of the district supervisor and the program administrators. Therefore, because the principal's participation was conditional on the selection of his school for the program, it can be viewed as a non-random event. To estimate the effect of this non-randomness, I rely on the gradual implementation of the program as the basis for identification. If the early and later participating schools were selected through the same process, they might be very similar in observed and unobserved characteristics, particularly those characteristics that might confound the treatment effect of the program. Therefore, a natural comparison group may be taken from later participants in the program. Twenty high schools were enrolled into the program either in its first (1997) or second (1998) year and 20 others during the following four years (1999) (2000) (2001) (2002) . However, only 17 schools in each of these two groups followed the matriculation study program. I therefore used these 34 schools as the base sample in this study. 8 The mean characteristics of the students at schools that enrolled early into the program closely resemble the observed characteristics of the students at schools that enrolled in later years, both for pre-and post-treatment twelfthgrade cohorts. These results can be seen in Tables 1 and 2 , which present data based on cohorts of twelfth graders who graduated before the program was initiated (1995) (1996) and cohorts that graduated during the program (1997) (1998) . Table 1 . Balancing tests for pre -(1995-1996 ) and post-(1997-1998 ) 
Note: Standard errors in parentheses are adjusted for school-level clustering. Table 1 shows balancing test results for treatment and control schools for background characteristics: father's and mother's years of schooling, number of siblings, gender, immigration status and ethnic background defined by country of birth of the student's father (Israel, Asia/Africa, Europe/US, Ethiopia, former USSR). Each entry in the table represents an estimate from a bivariate regression of a characteristic on the treatment status. The first sample pools the two pre-treatment cohorts (1995 and 1996) and the second sample pools the two treated cohorts (1997 and 1998) , but the results are not different when the balancing tests are carried out for each cohort separately.
Columns 1 and 2 report the results for the pre-treatment (1995 and 1996) cohorts. The first column shows the mean of the respective variable in the control group; the second column shows the treatment-control difference and its estimated standard error (estimated while allowing for school-level clustering). All the difference estimates are not statistically different from zero with the exception of the immigration status indicator, and the majority of the values are very small. For example, the mean of father's years of schooling in the control schools is 11.0 years, with the treatment-control difference only 0.615 (SE = 0.92). The mean of mother's years of schooling is also 11.2 years in the control schools, with the treatment-control difference only 0.85 (SE = 0.53). Similarly, the control mean of number of siblings is 3.0, with the difference between the two groups again very small, 0.068 (SE = 0.53). Balancing tests for a series of dummy variables indicating the student's ethnic origin are also shown in the table. For example, 36 percent of the students in the control group were of Asian/African origin; the respective mean in the treatment group was 32 percent.
Columns 3 and 4 in Table 1 show similar balancing tests for the first two cohorts that participated in the program, having graduated in 1997 and 1998. The results are very similar to those of the full sample; there appear to be no observable differences in the characteristics of the students who graduated during the first two years of the program from those who graduated in the later two years. Although these two cohorts appear to come from more educated families, there are no differences in parental schooling between the two groups.
With regard to the comparison of the treatment and the control groups in these post-treatment cohorts, all the difference estimates are not statistically different from zero, with the majority of values even smaller than those observed for the two pre-treatment cohorts. For example, the mean of father's years of schooling in the control schools is 11.5 years, with the treatment-control difference only 0.15 (SE = 0.79). The mean of mother's years of schooling is also 11.5 years in the control schools, with the treatment-control difference only 0.17 (SE = 0.77). Similarly, the control mean of number of siblings is 3.2, with the difference between the two groups very small, 0.129 (SE = 0.41). Balancing tests for a series of dummy variables indicating the student's ethnic origin are also presented in the table. For example, 34 percent of the students in the control group were of Asian/African origin; the respective mean in the treatment group was also exactly 34 percent. The estimated difference that is closest to being significant refers to the proportion of students of European/US origin, −0.047 (SE = 0.028). However, the mean differences for the groups of other ethnic origins (Israel, former USSR and Ethiopia) are not significantly different from zero.
The four cross-sections used for the analysis in Table 1 can be applied to compare the change in school mean matriculation outcomes of seniors in the treatment and comparison schools. This approach amounts to a difference-in-differences estimation when school-fixed effects are included in the model. The main assumption underlying this strategy is that in the absence of any intervention, the average change in matriculation outcomes would have been the same for treatment and comparison schools.
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Although the validity of this assumption cannot be verified, the similarity in characteristics of the graduating cohorts in schools that started the program earlier and later, as well as relatively similar mean outcomes of the two groups prior to the program's introduction, may provide strong supporting evidence of the small likelihood of omitted variable bias. The lack of any significant differences in the matriculation outcome trends between treated and comparison schools, particularly the lack of an observed Ashenfelter (1978) dip in outcomes in the years prior to the treatment, is likewise comforting in this regard.
As noted in Section II, the augmentation of school principals' salary was part of a program that also provided similar wage increases to some teachers. In about half of the schools in our treated sample (i.e., schools where the principal received a salary increase) a few of the teachers also received a wage increase. Therefore, an important issue is whether it is possible to identify uniquely the effect of the wage augmentation of the school principal. For this purpose I rely on several features of the program that allow me to distinguish between the effect of the school principal salary raise and the potential effect of teachers' higher compensation. First, very few teachers in each school received this increase (in some schools just one teacher and at most 5 percent of the teaching staff). In some cases these teachers did not teach a matriculation subject and therefore could not have a significant effect on bagrut outcomes. Another factor that very much diminishes the likelihood that the school principals' treatment effect estimated here is confounded with higher teachers' pay is that some of these teachers actually taught at middle-school grades (seventh to ninth), while I focus on the effect on outcomes of twelfth graders in the matriculation exam. The implication of these factors is that the intensity of the treatment of teachers' higher salary is too small to have a meaningful and measurable effect on the matriculation outcomes of twelfth graders. Nevertheless, in the estimation of the variation among treated schools, I control for whether some of the school teachers received higher pay. I also report estimates based on a sample that included schools where only the school principal received a salary increase.
Estimation Framework
Treatment effects can be estimated using both micro-data at the student level and aggregated data at the school level. In a model without additional covariates, analyses using micro-data or school averages weighted according to the number of twelfth graders will provide identical results.
However, when school and student characteristics are added to the model, the two estimates may differ because adding these covariates may improve the estimates' precision. Although the difference-in-differences models include school-fixed effects, it is important to control for student and school characteristics, particularly when analyzing data from low-achieving schools that often experience severe year-to-year volatility in student characteristics; see Koretz (1996) . The following model was first estimated:
where i indexes students, s indexes schools, and t indexes years. y ist is the matriculation outcome, X ist a vector of student characteristics that includes parents' schooling, gender, number of siblings and immigration status, S st a vector of school characteristics that includes the school's religious status, the number of students enrolled in the school, the square of enrolled students and the number of students in twelfth grade and whether some teachers in school received higher pay due to the program (this indicator is set to zero for all schools in the pre-treatment period); T st is a dummy variable that indicates program participation status. For t = 1995 or 1996 (pre-program years) all schools have T s = 0. For t = 1997 all schools that enrolled in this year get T s = 1 and for others T s = 0. For t = 1998 all schools that participated in the program in this year (those already enrolled in 1997 and the new enrollers in 1998) get T s = 1 and others have T s = 0. ν st + ε ist is the error term, comprised of a school year-specific random element and an individual random element.
To control for pre-existing differences between treated and comparison schools as well as to improve the efficiency of the estimates, the data for pre-treatment and post-treatment years were stacked. The differencein-differences model with school-and year-fixed effects was estimated as follows:
where ϕ s is a school-fixed effect, δ t is a time effect, and D st equals the interaction between the dummy for treatment years and treatment status for school s. The variation in the number of years that a school principal participated in the program (one or two years) may facilitate more precise estimation of the treatment effect. Exploration of this direction requires assessing whether the intensity of treatment affects the program's impact, i.e., if the number of years a principal is in the program leads to a differential effect on school matriculation outcomes. The main potential problem of this strategy is the possible endogeneity of treatment intensity. The correlation between school treatment intensity and potential achievements may be positive or negative. For example, successful school principals (e.g. those whose schools have high matriculation rates) may have been enrolled in the program earlier than others. On the other hand, program administrators may have targeted principal's salary increases to weaker schools. To assess the likelihood of these possibilities, I estimated alternative models that evaluate whether preprogram achievements pertaining to the school predict school treatment intensity. The evidence suggests that this was not the case.
V. Results
This section opens with a discussion of the results based on the full sample. Table 2 shows the results of comparing the outcomes of four cohorts: the two pre-treatment graduating cohorts (1995) (1996) pooled together and the two treated cohorts (those that graduated high school in 1997-1998), also pooled together. The table shows the results for the six outcomes described in the data section: matriculation certificate eligibility, average matriculation score, average score including the bonuses for honors-level subjects, number of matriculation credits, number of matriculation subjects and number of subjects at honors level. For each outcome for the pre-and post-treatment periods, the table shows the mean outcome in the control group, the simple mean differences between the treatment and the control group and the respective conditional mean differences.
The estimates in the first column of Table 2 show that the program schools had lower pre-treatment school outcomes than the comparison schools but that the differences were not significantly different from zero. For example, the unconditional mean of the bagrut eligibility rate in 1995-1996 was 48.6 percent in the comparison schools but 3.1 percent lower in the treatment schools. However, the t-value for this difference was only 0.72. The mean bagrut score was 65.9 in the comparison schools but lower by 1.75 points in the program schools; the standard error of this difference was 2.68. Similarly negligible and non-significant differences are observed for the other outcomes shown in the table. However, controlling for students' characteristics slightly increased these baseline differences; in some cases the differences were sufficient-relative to the estimated standard error-to make them marginally statistically significant. This evidence weakens somewhat the pre-treatment balance between the treatment and control groups. However, given that these differences are relatively constant in both pretreatment years, conditional on the school-fixed effects, the comparison group can be viewed as reliable for the identification of counterfactual results for the program.
Columns 4-6 in Table 2 present the results for the first two cohorts that could potentially be affected by the program. First, comparing the simple treatment-control mean differences of the 1997-1998 cohorts with those of the two pre-treatment cohorts (1995) (1996) reveals improvements in the Table 2 . Pre-and post-treatment outcome means 1995-1996 1997-1998 Control outcomes of students from schools that were enrolled in the program. For example, the matriculation rate unconditional mean difference was reduced by a third of its pre-treatment level and the test-score gap declined from 1.8 points to zero.
Comparing the post-treatment controlled differences to the respective pretreatment differences revealed further evidence of an improvement in the educational outcomes of the treated population. For example, the differences in the average score in the matriculation exams declined from −3.4 to −1.9. The gap in the number of matriculation subjects declined from −0.724 to −0.408. Table 3 shows the results of estimating the difference-in-differences model based on the panel of the four-cohort stacked data with schoolfixed effects. The first column reports the control-group means of all six outcomes, while column 2 shows the difference-in-differences estimates of the program effect without any control included except year dummies and school-fixed effects. These treatment estimates are all positive (except for the estimate for honors-level subjects) and they resemble the simple mean difference-in-differences derived from comparison of the before and after cross-sectional results presented in Table 2 . However, these estimates are not very precise and none is statistically different from zero. In the third column I present the estimates when students' demographic variables are added as controls to the simple difference-in-differences equation. The estimates are again positive (excluding the effect on the number of subjects studied at honors level) and there is a sharp increase in their precision. The estimates are significant at the 5 or 10 percent level of significance, with t-values ranging from 1.73 (mean-weighted score) to 2.3 (number of matriculation subjects). They are also sensitive to whether the regressions include student-level individual controls. The size of all the effects is relatively modest, about 6-12 percent of the control mean for all outcomes. The largest estimated effect is on the matriculation rate, a 5.8 percent increase relative to a 49.3 matriculation rate in the control group. The effect on credit units is 1.39 relative to 19.7 in the control group; on matriculation subjects it is 0.564 relative to 6.98 in the control group.
The estimated effect of the indicator as to whether some teachers in the school also received higher pay (not reported in the table as only the estimated treatment effects are shown) varied in sign across outcomes and was insignificant in all cases.
The last column in Table 3 reports estimates based on a sample of treated and control schools where none of the teachers received pay increases as part of the program. These estimates are very similar to those in column 3 of the table. For example, the effect on the matriculation rate in column 4 is 0.062 and in column 3 it is 0.058. For the mean score, the two respective estimates are 4.699 and 4.428. However, the estimated standard errors are Table 3 . DID estimates of effect of school principals' wages on students' outcomes somewhat larger in column 4, due most likely to the much smaller sample size. However, the similarity between the estimates in columns 3 and 4 raises the reliability that they reflect the effect of the school principals' higher compensation and none of it can be attributed to the fact that in some of the treated schools, some teachers also enjoyed a wage increase.
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Additional Results: The Effect of Two Years of Treatment
The effect of the program may be larger and estimated more precisely if the sample could be limited to schools that received the treatment longer. This can be examined by limiting the sample to those schools that received the treatment in 1997 as well as in 1998. Here, I replicate the above analysis while limiting the sample to schools that received the treatment in both years. Table 4 shows balancing tests on treatment-control differences in characteristics for this sub-sample. Focusing first on the pre-program Table 4 . Balancing tests for pre -(1995-1996 ) and post-(1997-1998 ) years, the results suggest that all the difference estimates are not statistically different from zero and that they tend to be very small. For example, the mean of father's years of schooling in the control schools is 11.1 years, with the treatment-control difference only 0.218 (SE = 1.227). The mean of mother's years of schooling is 11.27 years in the control schools, with the treatment-control difference 0.160 (SE = 1.142). Similarly, the control mean of number of siblings is 3.015, with the difference between the two groups very small, −0.436 (SE = 0.545). The balancing tests for the series of dummy variables, indicating the student's ethnic origin, also suggest a very close resemblance between the two groups. Thus, the two pre-treatment cohorts in the treatment and control groups are not significantly different in terms of their observable characteristics. Columns 3 and 4 in Table 4 show similar balancing tests for the first two cohorts that participated in the program, i.e., students who graduated in 1997 and 1998. The results are very similar to those of the full sample, namely, there seem to be no observable differences in the characteristics of students who graduated during the first two years of the program.
Columns 4 to 6 in Table 5 report the results from cross-section regression of the outcome variables for the sample of schools that received two years of treatment. Comparing first the simple treatment-control mean differences of the 1997-1998 cohorts with those of the two pre-program cohorts (1995) (1996) reveals larger improvements. For example, the matriculation rate unconditional mean difference was reduced from −3.2 percent to −0.7 percent, and the test-score gap changed from −2.710 points to 0.232.
Comparing the post-treatment controlled differences to the respective pre-treatment differences reveals further evidence of improvements in the educational outcomes of the treated population. For example, the difference in the average score in the matriculation exams declined from −4.096 to −1.816, while the gap in the number of matriculation subjects declined from −0.873 to −0.505. Table 6 shows the results of estimating the difference-in-differences model based on the panel of four-cohort stacked data with school-fixed effects in the sample of schools that received the treatment for two years. The second column presents the difference-in-differences estimates from a specification that did not include the students' demographic variables as controls. Similar to the pattern seen in Table 3 , these treatment estimates resemble the simple mean difference-in-differences derived from comparison of the pre-and post-treatment cross-sectional results in Table 5 . They are all positive, excluding the effect on the number of subjects studied at honors level, but are not precise enough to be significantly different from zero.
In the third column of Table 6 , I present the estimates from a specification that includes the students' demographics as controls. Three of the Table 5 . Pre-and post-treatment outcome means, two years of treatment 1995-1996 1997-1998 Control 
1,626
Note: Standard errors in parentheses are adjusted for school-level clustering. estimates are significant with t-values higher than 2.0. Overall, these estimates are only marginally larger than those in Table 3 , column 3. The estimates suggest that the program increased the matriculation eligibility rate by 7.0 percent, the average test score by 4.99 points, the number of matriculation credits by 1.4 and the number of matriculation subjects by 0.55. The largest estimated effect is on the matriculation rate, which showed a 14 percent increase.
VI. Allowing for Treatment Heterogeneity
Heterogeneity of Treatment Effect by School Size
The effect of paying higher wages to headmasters may vary by school size. The larger the school in terms of teachers and students, the more difficult it may be for a school principal to initiate change, monitor implementation of new programs and so on. Table 7 shows evidence of treatment heterogeneity by school size. Columns 1 and 2 show the results when the full sample is used; columns 3 and 4 present the results obtained when the sample includes only the schools that participated in the program for two years.
The results do not produce a clear pattern with reference to whether salary increases to school principals are more effective in small versus larger schools. For three outcomes, the interaction term between the treatment variable and school size is negative, whereas for three other outcomes it is positive. However, for all six outcomes, the interaction term estimates are not measured precisely enough to draw meaningful conclusions about this issue.
Heterogeneity of Treatment Effect by Students' Socio-economic Background
Another interesting and policy-relevant question is whether heterogeneity in the treatment effect varied by the students' ability or by their socioeconomic background. The available data did not allow me to examine treatment heterogeneity by students' ability, but I used the student's father's years of schooling as a proxy measure for the student's socio-economic background. Father's and mother's years of schooling are highly correlated so it does not make much sense if mother's years of schooling are used instead to measure the socio-economic background of students. A natural division of the sample by parental schooling is the cut-off of high-school completion. I therefore stratified the sample by whether father's years of schooling were below 12 even though the two resulting samples were not exactly identical in size. Table 8 presents the results based on the two samples derived by the father's years of schooling. The first three columns report the results for the lower socio-economic group and the last three columns those for the higher socio-economic group. A comparison of the means of outcomes of students in the two groups clearly reveals that achievements are negatively correlated with socio-economic background. For example, the mean matriculation rate in the lower socio-economic group (29.2) is 18 percentage points lower than that of the higher group (56.7).
A comparison of the treatment-effect estimates does not reveal any clear pattern of differences between the two groups. The effect on the matriculation rate, credit units and number of subjects is higher among students from lower socio-economic background, but it is the opposite with respect to the mean score and number of subjects studied at honors level. However, in both cases it is not possible to reject the hypothesis that the respective estimates for the two groups are not different from each other.
VII. Conclusions
The evidence in this paper suggests that increasing school principals' wages leads to improved students' outcomes. The estimated effects are marginally more pronounced when the analysis is based on schools that participated in the program for two consecutive years. The empirical analysis is based on an Israeli program that raised the salaries of principals in some schools by 50 percent. The raise was unconditional on any performance measures and was extended from year to year almost automatically. This evidence is different from evidence which suggests that raising teachers' salaries unconditionally is not an effective policy in terms of improving students' and schools' outcomes.
My estimates are based on a relatively small sample of treated and control schools. This limitation suggests caution in interpreting the findings, so that it would be wise to seek more evidence before drawing firmer conclusions. Bearing this caveat in mind, the results in this study have some policy implications. While teachers' wages in Israel have slipped relative to other opportunities available to college graduates, simply raising all salaries would be both very expensive and very inefficient. The largest potential impacts of overall increases in salaries for teachers would be felt by attracting a new group of teachers into the profession and retaining practicing teachers who would otherwise leave the profession. But as Ballou and Podgursky (1995) point out, there is no reason to believe that this would necessarily increase the quality of teachers in the short term. Retaining teachers would be beneficial only if high-quality teachers were those retained-but the existing data on teacher labor markets do not indicate that this would be the case. In fact, recent work by and Hanushek and 
Note: Standard errors in parentheses are adjusted for school-level clustering.
Rivkin (2004) has found that the average effectiveness of those who exit a large urban district is below the average of those who remain. This raises doubts that reducing turnover, given the current composition of entering teachers, should receive high priority. Higher salaries would certainly tend to increase the pool of potential teachers, but the impact of that change on overall teacher quality depends on the ability of principals to choose the best teachers. Existing research demonstrates that principals do in fact know who the better teachers are. 10 While the evidence is not as complete as one might wish, the ability of principals to identify teachers at the top and bottom of the quality distribution almost certainly goes beyond this, particularly if effective tests of student achievement are administered regularly. Furthermore, based on the results presented above, it may be concluded that a first priority should be to pay school principals higher wages because this will not only lead to better school performance, but also motivate more stringent use of their ability to identify good teachers. Therefore, the obvious implication is that principals must be held accountable for the impact of their hiring, retention and other management decisions on students' achievement. Of course, such quality-motivating structures are rare in education, so there is little to build on in the actual structuring of such a notion. Experimenting scientifically with incentive systems and structures, as well as relying on lessons learned from other economic sectors, are necessary to inform this policy context. 
